ŠIMANSKÝ, V.: Soil structure stability and distribution of carbon in water-stable aggregates in diff erent tilled and fertilized Haplic Luvisol. Acta univ. agric. et silvic. Mendel. Brun., 2012, LX, No. 3, pp. 173-178 The infl uence of tillage and fertilization on soil structure stability and the distribution of carbon in water-stable aggregates of loamy Haplic Luvisol were studied. Soil samples from the locality of Dolná Malanta (experimental station of SUA Nitra) were collected (in 2007-2009) from a depth of 0-0.2 m in two tillage variants: (1. conventional tillage, 2. minimal tillage) and three treatments of fertilization: (1. without fertilization, 2. crop residues and NPK fertilizers, 3. NPK fertilizers). The minimal tillage system has a positive eff ect on both the aggregation processes and sequestration of carbon in size fractions of water-stable aggregates, as well as ploughing of crop residues together with NPK fertilizers. On the other hand, application of only NPK fertilizers had a negative eff ect on SOM content. Under the minimal tillage system and in treatment with crop residues together with NPK fertilizers, what has been observed is a statistically signifi cant increase in the total organic carbon contents by increasing size fractions of water-stable aggregates. Organic carbon did not infl uence the aggregation processes with dependence on tillage systems. Under conventional tillage as well as in treatment with ploughing crop residues with NPK fertilizers, a very important eff ect on aggregation had bivalent cations Ca 2+ and Mg 2+
and Mg 2+ .
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Aggregation processes in soils are infl uenced by a large number of factors such as changes in soil organic matter (SOM), moisture content and microbial activity, crop type, root development, tillage and fertilization or liming implementation. The structural stability is dependent on particlesize distribution, soil organic matter, vegetation and soil micro-organisms and its stability is infl uenced by exchangeable cations and sesquioxides (Amézketa, 1999; Bronick and Lal, 2005) . One of the most important binding agents for forming stable aggregates is soil organic matter (Tisdall and Oades, 1982) . Organic materials are important soil additives to improve soil physical properties. Degradation of soil structure occurs mostly due to the decrease in soil organic matter caused by excessive soil cultivation (Grandy et al., 2002) . For example, the conventional tillage may result in the disruption of soil structure and loss of soil organic matter compared with no-tillage (Beare et al., 1994) . Several studies have shown that where crop residues are returned, no-till can enhance soil aggregation and increase soil organic matter (Havlin et al., 1990; .
The objective of this study was: 1. to quantify the extent to which tillage and fertilization treatments aff ect soil structure stability and carbon distribution in water-stable macro-aggregates of a Haplic Luvisol, 2. to determine the relationship between quantity of soil organic matter, exchangeable cations and parameters of soil structure stability of Haplic Luvisol with dependence on soil tillage and fertilization. (FAO, 2006) . More information about the experimental base of SUA Nitra is published in Tobiašova and Šimanský (2009) or in Szombathová (2010) .
MATERIAL AND METHODS
In 1999, the Department of Plant Production of SUA Nitra established this experiment. It included two types of soil tillage (1. CT -conventional, 2. MT -minimal) and three treatments of fertilization (1. C o -without fertilization, 2. CR+NPK -crop residues together with NPK fertilizers, 3. NPK -NPK fertilizers). Soil samples were taken from 0 to 0.2 m (depth), twice a year (spring and autumn) during 2007-2009. Standard soil analyses were used for determination: soil reaction -potentiometrically (Fiala et al., 1999) , total carbon content according to Tyurin method (Hraško et al., 1962) , and exchangeable cations according to Kappen method (Fiala et al., 1999) .
Soil samples were dried at laboratory temperature and hand divided by sieve (dry and wet sieve) to 7 size fractions. In fractions of aggregates, using the stability index of water-stable aggregates by Henin (Zaujec and Šimanský, 2006) , values of mean weight diameters and critical level of organic matter were calculated. The obtained results were statistically evaluated. Mean values of all variables were compared using analysis of variance and separated by the LSD multiple-range test at the 95% confi dence level. Correlation analysis to determine the relationships between SOM, exchangeable cations and soil structure stability were used as well. Signifi cant correlation coeffi cients were tested on P < 0.05.
RESULTS AND DISCUSSION

Aggregation
Intensive tillage is the reason of low aggregation (A'lvaro-Fuentes et al., 2008) . Minimal tillage had a positive impact on the mean weight diameter of water-stable aggregates (MWD-WSA) compared to conventional tillage. The same trend was observed in the values of stability index (Tab. I). Similar results published Šimanský et al. (2008) . Hao and Chang (2002) confi rmed the positive infl uence of fertilization on mean weight diameter. The values of stability index were higher than in control -in CR+NPK by 23% and in NPK by 14%. These results corresponded with the values of MWD-WSA in fertilization treatments. Tillage systems and fertilization had a statistically signifi cant infl uence on the critical level of organic matter. These eff ects were more positive in MT than in CT as well as in CR+NPK compared to NPK and C o . However, in the long term this eff ect was observed in CT, as illustrated by the results of 13 years (Šimanský et al., 2008) , because in intensive cultivated soils the eff ect of soil organic matter is more signifi cant than in soils under minimal tillage (Szombathová, 2010) . The portion of water-stable aggregates (WSA) with dependence on tillage systems and fertilization are shown in Fig. 1 . Attention was mainly aimed to the portion of favourable size fractions of WSA from 0.5 to 3 mm, because this is favourable size fraction from the agronomical point of view (Sisák, 1994) . The highest WSA content (0.5-3 mm) was observed in MT than in CT. Razafi mbelo et al. (2008) also determined a signifi cantly higher content of macro-aggregates under no-till in comparison with conventional tillage. At the same, in NPK treatment the content of WSA was higher compared with CR+NPK and C o as well. On the other hand, application crop residues together with NPK fertilizers had positive eff ect on portion of microaggregates. Diff erent letters between columns (a, b) indicate that treatment means are signifi cantly diff erent at P < 0.05 according to LSD multiple-range test
I: Statistical evaluation of total and labile carbon contents in size fractions of water-stable aggregates in Haplic Luvisol (Dolná Malanta) -LSD multiple-range test
Organic matter in water-stable aggregates
Results of soil organic matter in water-stable aggregates (WSA) under CT and MT as well as in all treatments of fertilization are shown in Tab. II. In both tillage systems (CT -r = 0.931, P < 0.01; MTr = 0.934, P < 0.01) and from fertilization treatment only in CR+NPK (r = 0.914, P < 0.01) there has been a statistically signifi cant (linear) increase in total organic carbon contents (TOC) by increasing size fractions of WSA. The highest TOC contents were obtained in size fractions of WSA in all treatments of tillage and fertilization (Tab. II). Šimanský and Tobiašová (2008) ), which was confi rmed by results of Šimanský et al., 2008) . In NPK treatment (12.5 ± 1.6 g.kg −1 ) the lowest average TOC in all size fractions of WSA was determined, compared with C o (13.3 ± 0.7 g.kg −1 ) and CR+NPK (13.8 ± 1.4 g.kg −1
). The eff ect of the tillage system on the accumulation of TOC content was signifi cant for following size fractions of aggregates: 0.25-0.50 mm; 0.50-1 mm; 1-2 mm Diff erent letters between columns (a, b) indicate that treatment means are signifi cantly diff erent at P < 0.05 according to LSD multiple-range test and 2-3mm (P < 0.05), and the stronger eff ect was obtained in MT rather than CT. Fertilization had a statistically signifi cant infl uence on TOC content in the following size fractions of WSA: 0.25-0.50 mm; 1-2 mm and 2-3 mm. Application of only NPK fertilizers to the soil decreased the content of TOC by 15% in size fraction of WSA 0.25-0.5 mm and by 19% in size fraction of WSA 1-2 mm in comparison to C o as well as CR+NPK. Application of mineral fertilizers to the soil decreased TOC content . Ploughing of crop residues together with NPK fertilizers increased TOC content in size fraction of WSA 2-3 mm by 14% compared with the control. Added crop residues can positively aff ect the soil organic matter quantity (Duiker and Lal, 2000; Jurčová and Tobiašová, 2002; Szombathová et al., 2004; Tobiašová et al., 2005) . The TOC contents in the same WSA size fractions did not correlate with labile carbon contents (C L ) in the same size fractions of WSA. Labile carbon contents in WSA were diff erent and only in CR+NPK treatment (r = 0.796, P < 0.05), a linear trend of increase of C L content by increasing size fractions of WSA was found. The highest average C L content in all size fractions of WSA was determined under MT (2051 ± 51 mg.kg ). However a statistically signifi cant higher content of C L (by 13%) was observed only the in size fraction of WSA 1-2 mm in MT than in CT. Application of NPK fertilizers decreased average C L content in all size fractions of WSA by 8% and 13% compared with C o and CR+NPK, respectively. Signifi cant diff erences were detected between fertilization treatments in following size fractions of WSA: 0.25-0.5 mm; 1-2 mm; 2-3 mm and 3-5 mm signifi cant diff erences were detect (Tab. II). Added NPK fertilizers decreased C L contents in all size fractions of WSA. On the other hand crop residues together with NPK fertilizers had an infl uence by increasing C L contents in all size fractions of WSA except size fraction of WSA 0.25-0.5 mm.
Relationship between parameters infl uencing aggregation and structural stability parameters with dependence on tillage and fertilization
Organic matter is an important agent responsible for binding soil mineral particles (Oades and Waters, 1991) and it has a major infl uence on the bonding micro-aggregates and elementary particles in macroaggregates (Tisdall and Oades, 1982; Labudová et al., 2009 ). There were detected signifi cant positive correlations between total organic carbon and critical level of soil organic matter in CT (r = 0.660, P < 0.05) also in MT (r = 0.835, P < 0.05). Between TOC and size fractions of WSA there were no correlations, meaning that organic carbon did not have any eff ect on aggregations with dependence on tillage system. Painuli and Pagliali (1990) showed that organic matter in soil with higher clay content may be responsible for aggregation. Mbagwu (1989) observed that the role of soil organic carbon (SOC) as an aggregating agent diminishes in the presence of other dominating aggregating agents, such as polyvalent metals and silicate clay. Values of Ca 2+ correlated signifi cantly with MWD-WSA (r = 0.685, P < 0.05), but only under CT, implying that increase in Ca 2+ resulted in improved rate of aggregation, which is consistent with the results of Šimanský et al. (2008) . Under MT a negative eff ect was detected, but without statistical signifi cance. At the same under CT values of Mg 2+ positive correlated with the size fraction of WSA 1-2 mm, which means that aggregation is promoted by the bivalent cations. On the other hand, exchangeable Na + has a negative eff ect on the aggregation under CT. A higher portion of Na + on sorptive complex is the reason for the decreasing of the critical level of soil organic matter (r = −0.753, P < 0.01) as well as size fraction of WSA > 5 mm (r = 0.732, P < 0.01). Cation Na + can aff ect dispersity of clay and the result of this process is the destruction of aggregations (Haynes and Naidu, 1998) . These eff ects were not observed under MT. Positive correlations were observed between exchangeable K + and the size fraction of WSA > 5 mm (r = 0.847, P < 0.001) under CT and critical level of soil organic matter (r = 0.757, P < 0.01) under MT.
Very important correlations were detected between total organic carbon and the critical level of soil organic matter in CR+NPK as well as NPK treatment (Tab. III). It means that mainly the ploughing of crop residues together with NPK fertilizers has importance eff ect on decreasing loss of soil. Obtained results confi rmed the fact that Ca 2+ is very important for aggregation and cation Na + can aff ect dispersity of clay and the result of this process is the destruction of aggregates (Tab. III). Positive eff ects on the aggregation were observed in CR+NPK and a negative in NPK treatment.
SUMMARY
The infl uence of tillage and fertilization on soil structure stability and the distribution of carbon in water-stable aggregates of loamy Haplic Luvisol in the locality of Dolna Malanta (Experimental site of SUA Nitra) were studied. In 1999, the Department of Plant Production of SUA Nitra established long-term experiment. It included two types of soil tillage (1. conventional, 2. minimal) and three treatments of fertilization (1. without fertilization, 2. crop residues together with NPK fertilizers, 3. NPK fertilizers). Soil samples were taken from 0 to 0.2 m (depth), twice a year (spring and autumn) during [2007] [2008] [2009] . Standard soil analyses were used for determination: chemical properties and soil structure stability. All in all, a minimal tillage system has a positive eff ect on aggregation processes and the sequestration of carbon in size fractions of water-stable aggregates as does the ploughing of crop residues together with NPK fertilizers. On the other hand, application of NPK fertilizers only, had a negative eff ect on SOM content. Under the minimal tillage system and in treatment with crop residues together with NPK fertilizers what has been observed is a statistically signifi cant increase in total organic carbon contents by increasing size fractions of water-stable aggregates. Total organic carbon did not infl uence the aggregation processes with dependence on tillage systems. Under conventional tillage as well as in treatment with ploughing crop residues with NPK fertilizers this very important eff ect on aggregation had bivalent cations Ca 2+ and Mg
2+
.
